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Abstract:
It is now possible to coherently manipulate the spectral, temporal and polarization of high harmonic generation using visible laser beams, to sculpt this quantum light source for specific applications. OCIS codes: (320.7100) Ultrafast measurements, (270.6620) Strong-field processes High harmonic generation (HHG) is a unique quantum light source with fundamentally new capabilities -providing fully spatially and temporally coherent beams with linear or circular polarization throughout the extreme ultraviolet (EUV) and soft X-ray region on a tabletop. This talk will review recent developments in HHG sources, as well as exciting advances in imaging and spectroscopy of materials. [1] [2] [3] [4] [5] [6] It is now possible to image at the wavelength limit by combining HHG sources with coherent diffractive imaging (CDI) techniques such as ptychography, to achieve 14nm spatial resolution using 13.5nm EUV beams. Moreover, in recent work we measured the shortest lifetime of any state to date, at 212±30 attoseconds, corresponding to an excited state in the band structure of a material. Finally, bright, phase matched, circularly and linearly polarized HHG now span from the EUV to the soft X-ray region at kHz repetition rates, ideally suited for a host of applications in science and technology.
By changing the color and polarization of the driving laser, the HHG spectrum, pulse duration and polarization can be controlled, thus making it possible to generate x-ray bursts with durations from tens of attoseconds to tens of femtoseconds, with a coherent bandwidth spanning 12 octaYHV IURP PH9 WR §NH9 2QH UHFHQW VXUSULVLQJ finding is that longer wavelength mid-infrared lasers can generate shorter wavelength bright x-ray beams. Using 4μm driving lasers for example, HHG emerges as a broad coherent super-continuum, spanning the entire electromagnetic spectrum from the ultraviolet (UV) to the soft x-ray keV region of the spectrum, to wavelengths <8Å. Moreover, these x-rays emerge as isolated attosecond bursts, that are predicted to scale to the sub-attosecond (i.e. zeptosecond) regime using longer wavelength lasers. In contrast, using intense UV driving lasers, HHG emerges as a series of bright narrow-band peaks. Finally, by manipulating the electron wave-function using bichromatic (two-color) circularly polarized counter-rotating laser beams, it is now possible to produce bright circularly polarized harmonics, that complement the bright linearly polarized HHG beams available for 20 years.
Using tabletop HHG, full field coherent imaging in both reflection and transmission geometries has been demonstrated, with record at-wavelength spatial resolution of 14nm (transverse) and <5Å (axial). Moreover, the phase contrast in CDI is enhanced due to the use of extreme ultraviolet illumination. Compared with SEM or AFM, HHG-based CDI enables higher-contrast full field imaging with less sample damage, with long working distances §-10 FP DXWRPDWLF FRUUHFWLRQ IRU LPSHUIHFW VFDQQLQJ VWDJHV DQG IHPWRVHFRQG WLPH UHVROXWLRQ §IV.
Several discoveries have been made recently simply by monitoring the time-dependent HHG diffraction from a material after excitation by a laser pulse, to uncover which mechanisms are responsible for nanoscale energy, charge and spin transport. One remarkable demonstration of this capability showed that the cooling rate for a nanometersize heat source depends on its proximity to other sources, cooling more rapidly when spaced close together than when isolated. This finding represents fundamentally new materials science directly relevant to the design of future energy-efficient nanosystems. Real-time imaging in 3D through opaque materials will represent a powerful capability for understanding functional nanosystems. Finally, in recent work we used attosecond pulse trains to directly and unambiguously measure the lifetime of photoelectrons excited into unoccupied excited states in the band structure of a transition metal (Ni(111)) at 212±30 attoseconds. This represents the shortest lifetime of any state measured to date, and emphasizes the importance of the material band structure on photoemission.
